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1. Introduction 

RAN1-59bis has agreed the CC-specific parameters in the UL TPC formula, a CC-specific max power, a max power for the total UE transmit power and left the following issues for FFS:

· Whether a pathloss offset per CC can be signalled to the UE.
· Detailed formula of max power scaling.
· Handling of multiple PAs.
· Whether or not PHR is per channel (i.e. PUSCH / PUCCH) within each per-CC PHR
In LTE-A systems, cross-CC joint scheduling/processing is supported with carrier indicator (CI) [1][2]. The power control thus should fully compensate the path loss difference due to the frequency separation across CCs [3]. And such a principle should also be kept in the power scaling process [4]. In this contribution, we further address the issue on the pathloss offset and provide detail equation for power scaling and headroom reporting in [5][6].
2. Discussion

2.1   Pathloss Offset
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Figure 1. Pathloss offsets for separated CCs
The UL pathloss estimation is a key factor of UL PC and highly dependent on the component carriers configuration of the LTE-A system. Under the system configurations shown in figure 1 where the paired CCs are not in the same band, significant pathloss offsets (e.g. ΔPL31, ΔPL42) between the UL CC and the measured DL CC may appear and affect the power setting. Moreover, when two UL CCs are aggregated but located in different bands, the pathloss gap is also not negligible. Therefore significant pathloss offsets are caused by large frequency separation of CCs and can be classified as measurement offset (ΔPL31, ΔPL42) and aggregation offset (ΔPL21).
For a LTE-A user in carrier aggregation mode, both the measurement offsets due to UL/DL duplex distance and the aggregation offset due to frequency differences of CCs should be completely compensated in order to ensure reliable UL PL estimation and fair joint scheduling among CCs. This shall be no problem for PUCCH since full pathloss compensation is performed. However for PUSCH, fractional PC is applied and the pathloss offset may only be partially compensated.
2.2   Offset compensation in PUSCH power control
Uncompensated pathloss offset implies unfairness among CCs when joint scheduling is performed. In [3], we proposed to modify the PUSCH power control formula for compensating path loss difference due to frequency separation as follows
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where PCiMAX, MPUSCH, P0_PUSCH, and ΔTF have been agreed to be CC-specific. It is noteworthy that 
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 represents the total pathloss offset due to the frequency separation 
[image: image5.wmf]i

f

D

 of both the paired UL/DL CCs and aggregated UL CCs. Suppose UL CC1 is the anchor carrier as in figure 1, then
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 are for CC1 and CC2 respectively. The objective of CC-specific offset  parameter FPL(Δfi) is to make sure the offset can be fully compensated regardless of αiand can be calculated in different propagation environments corresponding to different deployment scenarios. Such a factor can be extracted from PLi and the equation (1) can be reformed as:
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There are two options to address the factor
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:

· Included with open loop control in
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.
· Explicit definition/signaling of the PL difference offset.

The PL offset can be certainly carried in the UE-specific component of the
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, however the range of
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 parameter has to be extended for Rel-10, incurring two different 
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 values for Rel-8 and Rel-10 UEs. Therefore, signaling of additional parameter for CC-specific pathloss offset is preferred. The exact parameter and the range to compensate the PL offset is FFS.  
3. Conclusions:

This paper further discussed the necessity of full compensation of pathloss offset in LTE-A. The following proposals are made:

· For an LTE-A UE supporting carrier aggregation, both the measurement offsets and aggregation offset should be completely compensated in order to ensure reliable UL PL estimation and fair scheduling among CCs.
· The offset can be fully compensated regardless of αiand can be calculated in different  propagation environments corresponding to different deployment scenarios 

· The exact parameter and the range to compensate the PL offset is FFS.
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